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Abstract 
The significance of hand-held technologies for secondary school mathematics education is analysed. In many 
secondary  school  mathematics  classrooms  in  many  countries,  including  Thailand,  student  access  to 
sophisticated ICT facilities is either very limited or non-existent, so that hand-held technologies of scientific 
calculators  and  graphics  calculators  are  critical.  These  are  described  and  exemplified,  together  with  some 
opportunities for effective calculator use for mathematics learning and teaching. The significance of technology 
for the content of the mathematics curriculum, its evolution, its teaching and its assessment are outlined and 
some issues associated  with  the relationship between human values and ICT are  considered  in the  light of 
graphics calculators.  
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INTRODUCTION 
Until  fairly  recently,  technology  for  teaching  and  learning  was  restricted  to  tools  that  were  universally 
accessible, such as paper and pencil, as well as some particular devices that were known to the ancients (such as 
compasses, rulers, set squares and counters, in the case of mathematics). A great deal of mathematics can be 
learned with such technologies, all of which continue to be important. In recent years, however, ‘technology’ has 
come to be interpreted differently, and is frequently used as a synonym for information and communication 
technology (ICT), a consequence of the development of microprocessors and computers. This development is 
visible in all countries, including Thailand, so that the modern world has changed remarkably in a very short 
period of time. 
In this paper, the significance of this rapid change for the teaching and learning of mathematics in particular are 
considered.  The  focus  of  the  paper  is  on  hand-held  calculators,  since  these  are  the  most  likely  forms  of 
technology to be accessible  to sufficient students that their consequences for the design of the mathematics 
curriculum needs to be taken into account. 
GLOBAL CHANGE 
It is clear that technology is a major driver of much global change. This is especially true for communications 
technologies, such as telecommunications and the Internet, which have connected people in different countries 
and allowed global perspectives on issues to be developed. International connectivity is now an everyday affair, 
as a consequence of technological changes and developments. The present paper provides an example of this: 
written  by  an  Australian,  using  technology  developed  in  Japan  and  manufactured  in  China,  presented  to  a 
conference in Thailand, described to educators around the world via the Internet. Such interactivity has been a 
feature of the global education world for a comparatively short period of time. 
It is difficult for schools and school systems to keep pace with such global changes. In the first place, the costs of 
providing the infrastructure of doing so (the computer hardware and software, for example) are higher than many 
are able to afford within existing educational budgets. Secondly, by its nature, technology has a short lifetime 
and obsolescence is rapid: in many commercial companies in Australia, for example, computer technology is 
replaced after only two or three years, in order to remain up to date. Such a practice is much more difficult to do 
in schools, which are unable to pass on the costs to their ‘customers’. Thirdly, and even more importantly than 
the physical infrastructure, it is difficult to provide sufficient professional development for teachers and other 
school staff to be confident in the use of new technologies that change very rapidly. 
Despite  these  difficulties,  it  is  important  for  education  to  adjust  to  the  global  changes  associated  with 
technology, or risk the quality and relevance of the student outcomes. It is important that students are helped to 
become confident and competent citizens in a world that is awash with technology and continuing technological development. Indeed, modern students need to leave school as flexible users of technology, able to adapt to 
change and to become global citizens. It is very difficult to bring about such outcomes for all students, and 
unacceptable to do so for only those students with sufficient family resources. Industrialised countries, such as 
Australia, struggle with these problems, which tend to be magnified in developing nations. 
In this paper, the focus is on mathematics in particular, and so we turn attention to the technologies of particular 
significance for teaching and learning mathematics, especially hand-held technologies. Although it might be 
argued that other forms of technology deserve more attention, the everyday reality of many students in many 
schools in many countries is that these more sophisticated forms of technology are not accessible sufficiently 
often to be regarded as important.  
CALCULATORS 
An early development of microprocessors was the electronic calculator, which first appeared in the 1960s. By 
the middle of the 1970s, calculators began to be affordable to schools and by the late 1970s (in Australia, at 
least), scientific calculators were accepted as useful items of equipment for secondary schools. The principal use 
of calculators has been for calculation (as their name suggests), and it is now common for mathematics curricula 
to recognise calculation by technology as one of the three mechanisms available to people and thus deserving of 
attention. For example, one of the (nineteen) major outcomes identified in the official curriculum framework 
developed by the Curriculum Council of Western Australia (1998) is: 
Calculate: Choose and use a repertoire of mental, paper and calculator computational strategies for each 
operation, meeting needed degrees of accuracy and judging the reasonableness of results. (p.187) 
Achieving such an outcome requires routine access  to a calculator,  and significant support  to help students 
develop expertise to choose an appropriate means of calculation, as well as understanding how to do so, and how 
to interpret the results in a thoughtful manner. Since calculators have now become universally available, and 
hence quite inexpensive, issues of access to the technology have been reduced, and attention has shifted to how 
to help students use them in discriminating ways for undertaking some calculations. A suitable balance between 
technologies for calculation (mental, paper and calculator) has to be developed, both in the curriculum and in the 
daily work of the teacher. 
In  all  countries  now,  calculators  have  become  universally  available  for  commercial  practices,  both  in  large 
institutions like banks and department stores and in small institutions like local shops and markets. This reality is 
by itself sufficient to argue that students in schools need to be taught how and when to use calculators, as it is 
inevitable that they will need to do so as adults, workers and citizens. 
Experience in many countries suggests that calculators are important for more than calculation, however, and 
also that mathematics consists of a great deal more than calculation. (For example, as noted above, the Calculate 
outcome  for  Western  Australia  is  only  one  of  nineteen  outcomes,  making  clear  that  there  are  many  other 
important  ideas  involved.)  With  careful  use,  even  basic  arithmetic  calculators  can  help  students  develop 
important understandings about the decimal number system, which underpins number aspects of mathematics 
curricula. 
More sophisticated calculators have been developed to meet the specific needs of education, which include many 
more  aspects  of  mathematics  than  the  everyday  commercial  world  requires,  and  secondary  mathematics 
education in western countries has routinely assumed the use of scientific calculators now for more than twenty 
years. Access to modern scientific calculators has provided students with opportunities to explore connections 
between some basic mathematical concepts concerned with numbers as well as to undertake calculations.  
The  calculator  screens  below  in  Figure  1  show  three  examples  of  this.  The  first  screen  illustrates  that 
connections between fractions and decimals are routinely built in to a modern calculator, allowing students an 
opportunity to understand these better. The second indicates that operations with negative numbers are routinely 
handled by the calculator, and  thus an  environment in  which these can be studied and understood is  made 
available through the calculator. The third example illustrates how the representation of irrational numbers as 
surds allows students opportunities to see connections between the elements and to understand the mathematical 
ideas involved (in this case, why √8 is represented as 2√2).              
Figure 1: Three examples of how a modern scientific calculator handles arithmetic 
More sophisticated operations than mere calculation are also available on modern scientific  calculators. For 
example, Figure 2 shows some aspects of statistical analysis, in this case finding standard measures of the mean 
and standard deviation of a set of numerical data, which has been entered into the calculator as a list. 
 
             
Figure 2: Using a scientific calculator for numerical data analysis 
Although computational tasks of this kind are more sophisticated than mere calculations, they are still essentially 
providing students with an efficient means of completing a calculation. Consequently, curricula did not change 
much in response to access to technology of this kind, in contrast to the case of graphics calculators, described 
below. 
GRAPHICS CALCULATORS 
Graphics  calculators  have  been  available  to  schools  now  for  twenty  years.  The  key  differences  between  a 
scientific calculator and a graphics calculator are that the graphics calculator has a larger display screen, on 
which  various  mathematical  objects  can  be  represented,  and  a  significant  amount  of  inbuilt  mathematical 
software. In contrast to scientific calculators, which were developed originally to meet some calculational needs 
of  scientists  and  engineers  (not  school  students),  graphics  calculators  were  developed  to  support  secondary 
school mathematics, and have rarely been adopted by scientists, mathematicians and engineers, beyond those 
who  teach  the  early  undergraduate  years.  In  the  opening  years  of  the  twenty-first  century,  scientists, 
mathematicians  and  engineers  usually  have  ready  access  to  sophisticated  computers  and  software,  which  is 
generally not the case for secondary school students. So, it is helpful, and not inaccurate, to regard a graphics 
calculator as small, personal and portable computer, intended for the education of secondary mathematics and 
science students. 
Modern graphics calculators, such as Casio’s fx-9860G series (used throughout this paper as an illustration), are 
the result of two decades of development in educational settings around the globe, and thus have been tailored to 
the needs of secondary school mathematics education. There are two aspects to this improvement: firstly, the 
inclusion of software that is appropriate to the school curriculum and secondly the continued developments in 
‘user-friendliness’, so that secondary school students and their teachers can use the devices efficiently and focus 
on learning mathematics rather than how to operate their calculators. 
To illustrate the software included, the screens in Figure 3 show the icon menu for the Casio fx-9860G. 
       
Figure 3: Icon menu for Casio fx-9860G graphics calculator The icon menu is used to access various calculator capabilities. In this case, apart from calculation, the graphics 
calculator  includes  software  for  statistical  analysis,  a  spreadsheet,  graphing  and  tabulating  of  functions, 
investigation  of  recurrent  relationships  in  sequences  and  series,  graphing  of  conics,  numerical  solution  of 
equations, financial mathematics (TVM: Time Value of Money), and geometry. Together, such a suite addresses 
the computational needs of secondary school mathematics students, and early undergraduates. 
To illustrate the ease of use of modern calculators, Figure 4 shows examples of screen displays for complicated 
mathematical commands. The use of conventional mathematical notation makes it relatively easy for students 
and teachers familiar with the notation to use the calculator, once they have become familiar with the keyboard 
and the calculator menus at the bottom of the screen. (The final expression below is incomplete, to show the way 
in which the calculator provides an empty rectangular box for input of the upper limit of the integral.) 
       
Figure 4: Using conventional mathematical notation to improve user-friendliness 
Bearing  in  mind  the  mixture  of  qualities  of  mathematical  capability,  economic  efficiency,  portability  and 
usability,  it  is  not  surprising  that  graphics  calculators  have  been  enthusiastically  adopted  in  many  contexts 
around  the  western  world  as  powerful  tools  for  mathematics  education.  In  many  cases,  this  use  has  been 
accelerated by a policy of permitting (even encouraging) graphics calculator use in formal assessment, including 
high-stakes examinations at the end of secondary school. Many examples of the positive reception of graphics 
calculators by teachers, as well as discussion of key issues associated with their use, are provided in Morony & 
Stephens (2000), reporting a conference on graphics calculators conducted by the Australian Association of 
Mathematics Teachers. The resulting conference communiqué summarised the collective opinions of conference 
delegates: 
The use of graphics calculators enhances student learning and addresses important issues of equity and 
relevance of school mathematics to the wider world. There is a compelling case for the advantages 
offered to students who use graphics calculators when learning mathematics. They are empowering 
learning  tools,  and  their  effective  use  in  Australia’s  classrooms  is  to  be  highly  recommended. 
(Australian Association of Mathematics Teacher, 2000, p.2) 
Even a casual inspection of current professional journals for mathematics teachers or the details of conferences 
for  mathematics  teachers  in  western  countries  will  reveal  that  graphics  calculators  have  now  been  widely 
accepted into the fabric of thinking about secondary mathematics education. Recent attention has focussed on the 
incorporation of computer algebra systems (CAS) into calculators, but this paper confines attention to calculators 
without such capabilities. It is clear that appropriate use of technology in school mathematics is now recognised 
as a key problem for secondary school mathematics and that the graphics calculator continues to be regarded as a 
key part of the solution.  
OPPORTUNITIES FOR LEARNING AND TEACHING 
The major advantage a graphics calculator provides over a scientific calculator is the possibility of students 
exploring mathematical ideas for themselves. To regard this as an advantage, it is first necessary to accept that 
students  acquire  mathematical  expertise  as  a  result  of  their  own  thoughtful  actions,  rather  than  merely  by 
repeating the actions of others. This in turn suggests that student learning and teachers teaching needs to involve 
more than a process of exposition and demonstration by the teacher, followed by practice by the student. Within 
this framework, emphasizing the understanding of mathematical ideas, rather than mere execution of algorithms, 
a graphics calculator provides many opportunities. Space in this paper precludes providing more than a brief 
glimpse of these; a more complete analysis is provided in Kissane & Kemp (2006).  
A graphics calculator screen allows for graphical representations of functions to be obtained readily, and easily 
interrogated. Figure 5 shows an example of two (user-defined) functions in a function list, and their graphical 
representations (obtained with the press of a key). This important capability resulted in early descriptions of 
graphics calculators as ‘graphing’ calculators. The graphical representations themselves can be manipulated (for 
example by tracing, as shown in Figure 5, or by zooming to see different views) and students can move freely 
between definitions of functions and their graphs. This offers powerful ways for students to learn about the visual appearance of functions, of great importance to learning about their properties and their uses. In this case, 
the line and parabola are fundamental shapes of great significance to students learning about functions. 
       
Figure 5: Two functions, represented symbolically and graphically 
In addition, a numerical representation of functions is readily available, allowing students to see functions as sets 
of ordered pairs as well as graphical representations. Figure 6 shows an example for the functions in Figure 5. 
 
Figure 6: Tabulation of the two functions from Figure 5 
In this case, the ability to scroll the table of values allows students to see the steady way in which the linear 
function increases, in contrast to that of the quadratic function, and also allows them to see the two solutions to 
the equation x
2 – x – 1 = x – 1. Capabilities of these kinds permit students to move freely and quickly between 
symbolic representations, graphical representations and numerical representations; this is such a useful idea for 
learning that it was given the name, “the rule of three” at an early stage of use of this sort of technology with 
students.  It  was  described  as  a  ‘rule’  to  highlight  how  important  it  is  to  make  sure  that  students  learn  to 
understand and use all three representations; it is much easier to accomplish this with the aid of technologies of 
this kind than without them. 
At a less introductory level of secondary school mathematics, graphical representation allows for new ways of 
thinking about mathematical ideas. For example, Figure 7 shows the graph of a quadratic function being traced 
to display both the coordinates of points and the numerical derivative of the function at a point, of considerable 
value to introductory calculus students learning about the idea of a derivative. Importantly, it allows for the 
powerful idea of the derivative of a function, rather than the idea of the slope of a tangent to the graph of the 
function, at a point; the calculator offers learning support that was not easily available otherwise. 
       
Figure 7: Tracing a function to show the derivative at a point 
In addition, powerful new learning opportunities arise from representing a function and its derivative on the 
same screen, as shown in Figure 8. Having access to a tool like this allows students to explore the nature of a 
derivative function and its connections with properties of functions (such as the maximum value of a function, in 
this case). 
       
Figure 8: Graphing a function and its derivative function simultaneously Continuing with the same example, a graphics calculator can also be used to find numerical integrals to arbitrary 
accuracy, and to help students to think about the idea of differential equation with a slope-field diagram. Figure 
9 illustrates each of these ideas. 
       
Figure 9: Representing an integral and a differential equation (dy/dx = -1 – 2x) 
There are opportunities provided here for both students and their teachers. Most importantly, students using a 
calculator have direct access to representations of mathematical ideas that are conceptually powerful, and hence 
important for learning, but which were previously available only with a great deal of manual effort. Students can 
take a long time to draw graphs of even elementary functions, and a long time also to evaluate the functions to 
produce a table of values. Time spent in such activities is usually not productive, but is rather an inefficient use 
of time for learning mathematics. As far as teachers are concerned, the graphics calculator, together with whole 
class demonstration technology (such as an overhead projector or a data projector), offers an opportunity to teach 
differently, as calculator screens can be displayed in public and used as a focus for whole class instruction. 
Recent  models  also  allow  for  individual  students’  calculator  screens  to  be  displayed  via  a  computer  data 
projector. 
The opportunities for learning mathematics with a graphics calculator are pervasive, and not restricted to the 
analysis of functions and their graphs, of key significance for algebra and calculus. Figure 10 shows the use of a 
graphics  calculator  to  explore  geometric  relationships  (in  this  case,  the  medians  of  a  triangle)  and  basic 
geometric transformations (in this case, reflection about a line). 
       
Figure 10: Using a calculator for geometric exploration 
Over the past fifteen years, there has been considerable interest in the use of geometry software for learning 
mathematics  and  research  on  its  benefits.  However,  such  work  has  required  regular  access  by  students  to 
computers, equipped with suitable software. For many school environments, such facilities are not available, so 
that (less sophisticated) versions for hand-held graphics calculators offer fresh opportunities for students. 
In similar vein, spreadsheets have been used on computers in schools for mathematical purposes, although their 
original purposes were most strongly related to accounting and commerce. From a mathematical point of view, 
the strongest appeal of spreadsheets is related to the way in which recursive relationships are handled. While this 
is of significance in dealing with finance (eg in the case of studying compound or reducible interest), it is also of 
significance elsewhere. A constraint of spreadsheets is that they usually require access to computers, of course. 
 
Figure 11: Using a spreadsheet to study the Fibonacci sequence 
Figure 11 shows an example of a spreadsheet on a calculator used to generate successive terms of the Fibonacci 
sequence and to study the ratios of successive terms efficiently. INFLUENCING THE CURRICULUM 
The school mathematics curriculum has shown a remarkable resistance to influence from technology, with much 
of the material taught being more than two hundred years old, and many of the techniques taught to students 
being at least as old. Although individual teachers in individual schools have taken advantage of newer ICT 
possibilities, official curricula change very slowly in most countries. Because of a justifiable concern for equity, 
most school systems have been reluctant to introduce significant change that depends on technology, unless 
there  is  a  reasonable  assurance  that  all  students  have  access  to  the  technology.  By  their  nature,  graphics 
calculators derive much of their significance from being less expensive than other forms of ICT, and hence, 
theoretically at least, likely to be available more widely and thus open the possibility of curriculum change. This 
section of the paper is written on the assumption that graphics calculators are available to students and their 
teachers for everyday use and for use in official examinations. 
A major potential effect, as noted in the previous section, is that students might engage in learning mathematics 
in different ways than previously, and that teachers may teach in different ways than previously. The resulting 
curriculum is characterized by less emphasis on student practice of routines and more emphasis on independent 
thinking, problem solving and mathematical investigation. 
A second, equally significant, effect is that many aspects of calculation can be handled efficiently by graphics 
calculators, so that attention is needed on deciding the extent to which students ought to be taught and learn how 
to do the same things themselves by hand, or develop maximum speed and efficiency at doing so. Questions of 
this kind continue to be debated for arithmetic tasks, which require only the use of a basic calculator; however, 
the extra computational capabilities of graphics calculators renders the questions important at higher levels of 
mathematics as well. Some of these are suggested by Figure 4, while Figure 12 shows examples of computations 
with complex numbers and matrices that have been made routine by a graphics calculator: 
       
Figure 12: Calculation tasks on a Casio fx-9860G graphics calculator 
Access to graphics calculators by all students offers opportunities and obligations to reconsider mathematics in 
the standard curriculum. For example, the ease with which a graphics calculator can be used to perform matrix 
arithmetic, including matrix inversion as shown in Figure 12, suggests that attention might shift to the use of 
matrices as powerful ways of representing information, rather than focusing on the arithmetic of matrices.  
A second example concerns the solution of equations, which has traditionally been an important part of the 
school algebra curriculum, and which has in turn required that students develop significant expertise in symbolic 
manipulation,  since  the  techniques  involved  are  essentially  symbolic.  As  Kissane  (2002a)  has  described, 
however,  calculators  offer  powerful  numerical  methods,  alternative  to  the  standard  procedures,  and  allows 
students to solve many more equations than have been traditionally accessible to school students. Figure 13 
shows routine use of a graphics calculator to solve a system of three equations in three variables, a task that 
involves a lot of error-prone and mundane work, offering little insight to the student, when completed by hand in 
a standard way. 
       
Figure 13: Solving a 3 x 3 system of linear equations on a graphics calculator 
A third example involves the study of statistics, which has recently been included into mathematics curricula in 
many countries. While a scientific calculator allows students to obtain some numerical statistics, as shown in 
Figure 2, a graphics calculator allows students to undertake data analysis on a wider scale, including graphical 
representations of data, data transformations and even various kinds of statistical inference, such as hypothesis 
testing. To illustrate some of these, Figure 14 shows some analyses of set of 50 measurements.        
       
Figure 14: The graphics calculator used for data analysis 
The screens in Figure 14 suggest that students need to learn how to choose for themselves what form of data 
analysis  is most appropriate  in practice, in contrast to the standard approach of suggesting that a particular 
analysis  be  undertaken  (eg  draw  a  histogram  or  draw  a  box  and  whisker  plot).  The  details  of  actually 
constructing graphs can be left to the calculator, with the role of the student focusing on intelligent decision 
making. Similarly, students can choose for themselves an appropriate form of statistical test (in this case a t-test 
to examine the likelihood with which the sample of fifty data points is drawn from a population with mean of 
50). This of course suggests that the curriculum needs to change accordingly, to emphasis the meaning of the 
various possibilities and how and why to analyse data in various ways. 
TEACHER ISSUES 
While school curricula are framed by official bodies, such as Ministries of Education, and assessed by external 
bodies, such as examination boards, the role of the classroom teacher remains absolutely central. Curriculum 
change cannot take place without appropriate support of and with the willing assistance of classroom teachers. 
Mechanisms for supporting teachers and providing them with sufficient professional development need to be 
part of any plans to reform school curricula. 
In the case of calculators and the mathematics curriculum, the first requirement for teachers is to have good 
access to the calculators themselves. It continues to be unlikely that teachers will make effective use of ICT in 
teaching until and unless they are comfortable with the ICT themselves. This will inevitably take some time, 
since  mathematics  teachers  are  unlikely  to  have  encountered  significant  use  of  calculators  in  either  their 
undergraduate mathematics education or incidentally, in other pursuits. Many teachers in Australia have reported 
informally that they have learned a lot about the use of graphics calculators from their own students, who are 
less uneasy  about making mistakes and hence  more  likely to explore  ways of using the devices  to support 
mathematical work. 
A second requirement for teachers is rather more difficult: to accept  a changing paradigm for learning and 
teaching mathematics. An essential element of this paradigm is a diminished emphasis on the teacher as expert 
and the pupils as followers in the footsteps of the teacher, with more emphasis on exploration and discovery by 
students.  While  there  will  always  be  a  place  for  effective  demonstration  by  a  knowledgeable  teacher,  a 
characteristic of the powerful appeal of ICT is that it opens up more opportunities for students than previously to 
think for themselves and undertake mathematical  enquiry  and problem  solving with  less direction from the 
teacher.  
A third requirement is for appropriate curriculum materials to support changes of direction of these kinds. Some 
of these have been described and exemplified in some detail by Kissane (2002b). The work of mathematics 
teachers is often supported strongly by student textbooks and framed substantially by external requirements, 
such as syllabuses and examination rules. To help teachers make the necessary changes associated with the 
effective use of ICT, there needs to be changes in these sorts of materials as well. Ideally, there should be a 
coherence between the official curriculum, its assessment in examinations and the everyday classroom. It is 
important that major contradictions are avoided, such as encouragement to use calculators in school, but refusal 
to allow them for examinations.  
Finally, these three requirements will not be met without conscious attention to the provision of support for 
teachers. This can take many forms, including the publication of support materials (of which Kissane & Kemp 
(2006) is an example), the provision of short courses or conferences by employers or professional associations, direct help provided by calculator manufacturers and distributors (of which Shriro (2006) is a good example) 
and, perhaps most importantly, individual help of colleagues in a school, sharing mutual experiences. In general, 
Australian experience is that it seems easier to provide support to teachers for the use of graphics calculators 
than for other forms of ICT, since the facilities needed are easier and less expensive to obtain, and there is more 
likelihood that teachers can put ideas learned into practice in their classrooms. 
TECHNOLOGY AND HUMAN VALUES 
The concept of human values is slightly problematic for an international conference, as values are to an extent 
dependent  on  a  particular  society’s  collective  views.  International  consensus  on  values  is  less  likely  in 
educational settings, necessarily local in perspective, than for more general matters, such as the UN’s declaration 
on  human  rights.  With  this  reservation,  the  consideration  of  the  technology  of  the  graphics  calculator  for 
mathematics does raise at least three broad issues related to human values. 
Firstly, although they may differ on the detail, all modern societies place high value on education, manifested in 
part by the acceptance by the state of the need to provide and improve educational facilities for children. When 
technology is considered, we need to attend to the appropriateness of the education that is available to students, 
and  the  extent  to  which  it  should  keep  abreast  of  the  technologies  of  the  day.  From  ancient  times,  the 
technologies available to communities have influenced the educational process, both formal and informal. So, a 
mathematics curriculum that is not informed by technology, especially the recent ICT developments, will not be 
consistent with the value we place on an appropriate education. Calculators provide a practical mechanism to 
increase the possibility that the mathematics curriculum is adjusted to changes in technology, and that humans 
are helped to develop suitable competence with the appropriate technological tools available to them. 
Secondly, an important value of many societies concerns the equitable treatment of all the citizens. It is for this 
reason  that  we  are  reluctant  to  change  our  curricula  until  we  have  some  reassurance  that  the  changes  are 
available to everyone, not only to a small subgroup. In the case of ICT, this value has lead to recommendations 
for many years to include technology into the school curricula, but reluctance to require that this be done. The 
risk  of  such  recommendations  is  that  only  affluent  members  of  society  would  be  able  to  meet  them.  The 
significance of graphics calculators with respect to values related to equity is that they are more affordable than 
computers and thus more likely to be accessible to all students, either personally, or through the agency of 
schools. Accordingly, as Kissane, Bradley & Kemp (1994) explained, decisions in Australia to require students 
to use graphics calculators in important examinations were made partly on the grounds that this provided equity 
of access to technology for all students. 
Thirdly,  education  ought  to  develop  human  qualities  and  the  human  intellect.  For  the  particular  case  of 
mathematics,  this  requires  a  focus  on  the  unique  capabilities  of  humans  for  independent  thinking,  problem 
solving and analysis. It is no longer appropriate to devote a lot of time, energy and enthusiasm to develop in 
human beings the same capabilities that are provided easily by our technologies. In particular, it is no longer 
acceptable to excessively emphasise algorithms for manual computation, both simple and complicated, when a 
hand-held calculator will do the same tasks more quickly and more efficiently. We need to ensure that students 
understand enough mathematics to know what calculator technologies are doing, but we no longer need to refine 
the human skills for calculation to the same level that we did a generation ago. Indeed, doing so may well 
undermine our attempts to provide a sound mathematics education, built; upon the two other values referred to 
above. If excessive time is devoted to students doing by hand what calculators can do for them, inadequate time 
will remain to develop the important human capabilities of problem solving, analysis and mathematical thinking 
generally. 
CONCLUSIONS 
This analysis has suggested that calculators continue to be very important objects that need to be considered in 
the design and implementation of a modern secondary mathematics education. While other forms of technology, 
such as computer software and the Internet, offer many attractions, curriculum development must proceed on the 
basis of reasonable assumptions about the realities of schools and classrooms. At the state or national level, at 
which mathematics curricula are usually determined, hand-held technologies are more likely to be available to 
all students than more sophisticated technologies. Principles of fairness and universality suggest that curriculum 
redesign must start with these. 
While basic arithmetic calculators and scientific calculators provide users with a means of calculation, they 
rarely provide much more than this. Since calculation is not usually the main part of the mathematics curriculum, 
the use of these sorts of calculators is not likely to have much effect on mathematics at school. In contrast, it has 
been suggested, with some examples, that the situation is rather different for graphics calculators. In addition to 
enabling calculation (including much more sophisticated calculation than is possible with a typical scientific calculator), a graphics calculator opens up opportunities for students to explore for themselves mathematical 
concepts and their relationships. 
When graphics calculators become widely available in schools, possible changes to the school curriculum can 
take  place.  Some  aspects  of  mathematics  will  diminish  in  significance,  as  they  are  routinely  available  on 
calculators, while other aspects will become more significant, as the calculator has made them more accessible. 
Examples of these kinds are described in the paper.  
Possibilities of  teaching differently will arise  as well, with a change from  more formal and teacher-centred 
teaching, to more exploratory and student-centred. Teachers will need help to make the necessary changes to 
their ways of teaching that are consistent with changes of this kind, especially as they are unlikely to have 
personal experience of learning mathematics in an environment enriched by technology for learning and doing 
mathematics. Attention will need to be given to the values associated with the use of technology, to ensure that 
important human values are given adequate prominence. 
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